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An experimental investigation revealed high levels of predation of perennial grass seed by ants and rodents in 
some savanna grasslands. Up to 87% of the seed was removed after only 3 days, with ants alone removing up 
to 55% of the total available seed. The combined predation by rodents and ants resulted in an exponential 
pattern of disappearance of seeds, whereas the consistent removal of individual seeds by ants resulted in a 
linear pattern of disappearance of seeds. Birds did not appear to be significant granivores. There was limited 
selection by ants for the smaller-seeded grass species, but ants consumed considerable amounts of seeds of 
all sizes. 
'n Eksperimentele ondersoek het getoon dat predasie van meerjarige grassaad deur miere en knaagdiere 
groot afmetings aanneem in enkele savanna grastipes. Tot 87% van die saad is binne 3 dae verwyder, 55% 
van die totaal deur slegs miere. Die gekombineerde predasie deur knaagdiere en miere het gelei tot 'n 
eksponensiele patroon in die verdwyning van saad, terwyl die konstante verwydering van individuele saad 
deur miere lei tot 'n lineere patroon. Dit het nie voorgekom asof voels 'n betekenisvolle bydrae lewer nie. Die 
miere het geen betekenisvolle voorkeur vir enige van die grasspesies getoon nie. 
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Introduction 
Seed predation is one of a number of processes which 
can influence the seed bank of a species, and thereby the 
potential for the maintenance and persistence of the 
population (Harper 1977; Sagar & Mortimer 1976). 
Predation may be pre- or post-seedfall, and the latter has 
been found to be a significant process in a wide range of 
environments, with ants, rodents and birds identified as 
the major agents. Ant and rodent granivory is an impor-
tant process in desert ecosystems (Brown & Davidson 
1976; Brown et al. 1975; Davidson et al. 1985; Tevis 
1958), many grassland ecosystems (Campbell 1966; 
McGowan 1969; Mott & McKeon 1977; Pulliam & 
Brand 1975; Reynolds 1950, 1958; Russell et al. 1967; 
Sharp & Barr 1960), and in many other ecosystems 
(Andersen & Ashton 1985; Bartholomew 1970; Kjells-
son 1985; Risch & Carroll 1986; Sarukhan 1974; 
Wellington & Noble 1985). Birds are likewise capable of 
prodigious consumption of seed (Fry 1983; Skead 1975). 
The levels of predation shown by these agents have 
demonstrable effects on the vegetation dynamics of 
grasslands. Seed predation can prevent the recruitment 
of grass seedlings and thereby threaten the persistence of 
species (Campbell 1966; McGowan 1969; Reynolds 
1950). However, data for savanna grasslands are lacking. 
Seeds offer a high-energy but finite food source, and 
competition between different predators can be expec-
ted to be severe (Janzen 1971). However, competition 
between groups as disparate as ants, birds and rodents 
can be minimized due to selection of different seeds on 
the basis of size and morphology, as determined by the 
morphological constraints of the predator (Brown et al. 
1975; Pulliam & Brand 1975). A general prediction is 
that rodents and birds could consume seeds larger than 
ants are capable of transporting, but would not be as 
adept as ants at exploiting small seeds. The upper size 
limit of seeds that can be handled by ants would depend 
on the nature of the seed exine, protuberances or hairs 
aiding in transport (Pulliam & Brand 1975). 
The aim of this study was to investigate seed predation 
in some savanna grasslands. The first objective was to 
evaluate the significance of seed predation for the seed 
bank of the predominant perennial grass species. Prelim-
inary observations had clearly indicated that ants were 
consuming seed, and a number of rodent and bird 
species known to consume seed occurred. A second 
objective was therefore to differentiate the extent of 
predation by these principal agents. A third objective 
was to establish whether a different spectrum of seeds, in 
terms of size and morphology, was exploited by ants as 
opposed to the other agents . 
Methods 
The study was conducted in three savanna grasslands in 
the eastern Transvaal lowveld. The first study area, 
Utha, Gazankulu, was a 0.5-ha plot which had been very 
lightly grazed for the past 3 years . The Thlavekisa site in 
Gazankulu was open to communal grazing and was very 
heavily grazed. The third site was within an un grazed 
enclosure at the Hans Hoheisen Station in the Timbavati 
Nature Reserve. The soils of all three sites are clays 
derived from gabbro, and support perennial grasslands 
with Themeda triandra Forssk., Aristida bipartita (Nees) 
Trin . & Rupr., Bothriochloa insculpta (A. Rich .) A. 
Camus, Heteropogon contortus (L.) Roem. & Schult. 
and Setaria incrassata (Hochst.) Hack. as the predomin-
ant components . 
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Cork tiles (150 by 150 mm) were used to give a rela-
tively natural surface on which the 'seeds' (caryopses or 
disseminules depending on the species, hereafter 
referred to as seeds for convenience) were scattered. 
There were two predation regimes. Predation by ants 
only was estimated by each of one set of tiles covered 
with a wire mesh cage (9-mm mesh) and secured to the 
ground with wire pins, which excluded rodents and 
birds. The second set of tiles was left uncovered and was 
available to all agents of predation. At Utha, there were 
eight paired replicates randomly positioned within the 
plot, with the two tiles of a pair never more than 300 mm 
apart. Before positioning each tile the ground was 
cleared and brushed so that any seed removed just off 
the tile could be identified. The inflorescences of the 
grasses within 1-m radius of each tile site were removed 
to prevent seed input. The study was undertaken in 
April 1988 when seed shed was still taking place but 
nearing completion. The density of naturally available 
seed at this time was therefore very high. Each tile had 
30 seeds of each of the perennial grass species. The 
disseminule was presented for Themeda triandra, 
Heteropogon contortus, Aristida bipartita, Setaria incras-
sata and Bothriochloa insculpta, while individual caryop-
ses of Eragrostis superba Peyr. were presented. The four 
species with hygroscopic awns (S. incrassata and E. 
superba the exceptions) had their awns removed to 
prevent them moving, which further assisted in the 
identification of seeds which had been dislodged to the 
side of the tile. Wind was negligible during the experi-
mental period, and did not blow seeds off the tiles. The 
morphometric characteristics of the seeds are listed in 
Table 1. However, E. superba seed was extremely small 
and proved difficult to locate on the cork tile, even with 
the aid of a hand lens, therefore these results are 
excluded. The experiment ran for 5 days with counts of 
the number of seeds remaining taken every 24 hours. 
At the other two sites, only four replicates for each 
treatment, and only four of the species (B. insculpta 
excluded), were used. Counts of the number of seeds 
remaining was made once only after 3 days. At the 
Thlavekisa site, tiles had to be non-randomly placed 
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under patches protected by woody vegetation to avoid 
otherwise certain trampling. 
For each site, the differences between species and 
between treatments in the number of seeds remaining 
were analysed with a 2-way ANOV A. Differences 
between species for each treatment were further 
examined with I-way ANOV A's, using Fisher's unpro-
tected Least Significant Difference for comparisons 
between means, with controls for Type 1 comparison-
wise and not experiment-wise error rate (Ray 1982). The 
pattern of the rate of disappearance of seeds was 
examined with curve-fitting analyses using linear, 
exponential, log and power functions. 
Results 
At the Utha site, 64% of the seed of all species available 
to all agents was predated within 5 days, as opposed to 
30% of the seed available to ants only (Figure 1). The 
difference between the predation regimes was highly 
significant both after 5 (and 3) days (Fs = 19.55; df = 
1.70; P = 0.0001), but there was no significant difference 
between species nor was there a significant interaction 
effect with the 2-way ANOV A. The I-way ANOVA's 
revealed a significant difference between species for the 
seeds predated by ants only (F = 4.09; df = 4; P = 
0.008). After 5 days, there were significantly fewer seeds 
of B. insculpta than seeds of H. contortus and S. incras-
sata, and significantly fewer seeds of A. bipartita than S. 
incrassata (at the 0.05 level). There was pronounced 
variation in the overall extent of predation between the 
three sites (Table 2). Up to 87% of the seeds were 
removed from the station site by all agents in only 3 
days, but at the Thlavekisa site ants consumed only 1.5% 
of the available seed in this time. However, a similar 
pattern of response was witnessed at these two sites 
(Table 2). There were highly significant differences 
between the predation regimes at both Thlavekisa (Fs = 
13.55; df = 1.24; P = 0.0012) and the station (Fs = 
23.34; df = 1.24; P = 0.0001), but neither the species 
effects nor the interaction effects of the 2-way ANOV A 
were significant. There were only significant differences 
between species (I-way AN OVA'S) at the station site 
Table 1 The mean (and SE) of the length, breadth and weight of 
disseminules (with awns removed) of five species of grass, and of 
the caryopsis of Eragrostis superba 
Length (mm) Breadth (mm) 
Species (n=20) (n=20) Weight (mg) 
Aristida bipartita 4.43 (0.096) 0.43 (0.010) 0.33 (0.017) n=6* 
Bothriochloa insculpta 
disseminule 4.12 (0.048) 1.03 (0.027) 0.85 (0.035) n=20 
caryopsis 1.98 (0.035) 0.76 (0.016) 0.60 (0.044) n=5* 
Eragrostis superba 1.36 (0.064) 0.68 (0.017) 0.40 (0.035) n= 17* 
Heteropogon contortus 9.20 (0.085) 0.84 (0.010) 2.81 (0.089) n=20 
Setaria incrassata 2.84 (0.038) 1.56 (0.016) 2.90 (0.069) n=15 
Themeda triandra 8.06 (0.078) 1.16 (0.013) 4.05 (0.111) n=20 
* n refers to groups of 4 individuals 
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Figure 1 The percentage of seeds remaining at Utha of Aris-
tida bipartita (*) , Bothriochloa insculpta (0), Heteropogon 
contortus (D), Setaria incrassata (,6) and Themeda triandra 
(-); for (a) tiles exposed to all agents of predation , and (b) 
tiles exposed to predation by ants only. 
for seeds exposed to all agents of predation (F = 9.20; df 
= 3; p = 0.002) , which is because of a lower consump-
tion of A. bipartita seeds (Table 2) . 
These differences between predation regimes in the 
number of seeds removed of 34% overall at Utha (after 5 
days), 41% at the station and 20% at Thlavekisa, were 
due primarily to rodents . Evidence of rodent predation 
was that 25% of the disseminules on open tiles were 
found to have been incised, the caryopsis consumed, and 
the empty husk left on the tile. Similar evidence indica-
ted that one caged tile each at the Utha and station sites 
had been visited by an obviously small rodent (the cages 
were not dislodged). This predation was considered to 
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Table 2 The percentage of seeds remaining after 3 
days of exposure to two forms of predation at the 
Thlavekisa and station sites 
Thlavekisa Station 
Species All agents Ants only All agents Ants only 
Aristida bipartita 89 98 43 58 
Heteropogon contortus 90 99 3 58 
Setaria incrassata 79 98 4 48 
Themeda triandra 55 100 3 55 
Mean 78 99 13 55 
have been minimal and in any event would only have 
masked treatment differences. 
The pattern of seed depletion at the Utha site was best 
described by an exponential fit for the seeds exposed to 
all agents (,-2 values ranged from 0.94-0.99 for 
individual species), and by a linear fit for seeds exposed 
to ants only (,-2 ranged from 0.85-0.96) . This difference 
in the pattern of seed disappearance between the two 
predation regimes can be related to the different forag-
ing patterns of the two major seed predator groups. 
Individual ants are only capable of removing a single 
seed at a time, but their apparently consistent activity (at 
a daily scale) results in a linear pattern of seed depletion. 
In contrast, rodents tended to predate heavily upon the 
seeds of an individual tile once it was discovered, and 
further decrease in the number of seeds was dependent 
upon new tiles being discovered . 
Smithers (1983) lists at least 13 species of rodents 
which occur in the region and are known to consume 
seeds . Typical avian granivore families of these savannas 
include the Columbidae , Pteroclidae, Phasianidae, 
Numididae, Ploceidae, and Estrildidae. Four Franco-
linus spp ., four columbid species and Numida meleagris 
L. were observed adjacent to the study site over 4 years , 
but only very infrequently foraged within the sites. No 
avian foraging was noted during the course of the 
experiment, and accordingly their effect on seed 
predation in this study is believed to be very low. Two 
ant species, Polyrachis schistacea Gerstaeker and Messor 
decipiens Forel were collected at the Thlavekisa site. The 
latter species belongs to a well-known seed harvesting 
genus, but the former species is not known to harvest 
seed . Debris from three ant nests at the Thlavekisa site 
consisted mainly of A . bipartita seed and fewer seeds of 
the other species used in this study. Foraging individuals 
of M. decipiens were observed transporting seeds of all 
the species used in this study. 
Discussion 
The levels of seed predation recorded in this study 
(Figure 1; Table 2) correspond with those of studies 
already mentioned, but fall short of the 100% predation 
by ants within 14 hours in an Australian grassland (Mott 
& McKeon 1977). Seed-removal experiments do not 
reflect true predation levels (Anderson & Ashton 1985), 
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because seed is clumped and rodents tend to remove all 
the seed from a clumped resource (Brown et al. 1975). 
The quantitative levels of seed predation recorded in this 
study would therefore in all likelihood be in part due to 
the high density at which seeds were provided. But we 
stress the significance of these results in terms of the 
impact of this predation on the seed banks of the grass 
species. The significance of seed predation in the present 
study is reinforced when the short duration of the study 
and the availability of natural seed are considered . The 
study was undertaken before completion of seed-shed, at 
the end of a relatively wet growing season with high seed 
production (O'Connor unpublished data) . In the non-
grazed sites at least, there was a plentiful supply of 
naturally available seed. Despite this , in excess of 60% 
of the seed placed out was consumed within 5 days or 
less. The seed has a further 6 months of exposure to 
predation from the time of the study until the next 
growing season . Therefore it is likely that virtually all 
easily available seed would be consumed. Seeds which 
disperse to cryptic spots or are buried are likely to escape 
predation. Four of the species studied, T. triandra, H . 
contortus, A. bipartita and B. insculpta, possess hygro-
scopic awns which function to move the seed until an 
appropriate germination site is encountered (Peart 
1979). The clay soils of the study sites crack slightly when 
dry, and the seeds of the first three species are 
commonly observed lodged in these cracks with their 
awns protruding. 
The pronounced differences between Thlavekisa and 
the other two sites in the overall level of seed predation 
is possibly explained by the placement of tiles in shaded 
spots, which might have deterred the foraging activity of 
ants, or by some effect resulting from the overgrazed 
. nature of the site . Vegetation structure can effect the 
level of seed predation (Bartholomew 1970; Reynolds 
1958), but in both these studies the level of predation 
was higher on more bare ground . 
The study illustrates that for those species whose seeds 
are relatively large and non-cryptic , predation can 
decimate the input of fresh seed. The overall significance 
of predation within the suite of interacting processes 
which determine the size of the seed bank of a species, 
and th~ implications for vegetation dynamics , are consid-
ered elsewhere (O'Connor in prep.). 
Although no small cryptic seeds were investigated in 
this study, we suggest that predation is one of the major 
processes responsible for the well-recorded poor correla-
tion in grasslands between the abundance of certain 
perennial grasses (with large seeds) in the vegetation and 
their virtual absence from the seed bank (Champness & 
Morris 1948; Chippendale & Milton 1934; Hodgkinson 
et al. 1980; Lippert & Hopkins 1950; Major & Pyott 
1966; Thompson & Grime 1979; Weaver & Mueller 
1942; Williams 1984). 
The results obtained from the ANOV A's illustrate 
that ants and rodents are in competition for the finite 
food supply offered by seeds, in contradiction of expec-
tations. Ants showed some selection for the smaller 
seeds of A. bipartita and B. insculpta at the Utha site, 
but this pattern was not apparent at the station site . In 
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contrast, rodents at the station site were not consuming 
A. bipartita seeds as readily as the seeds of other species, 
but this pattern was not apparent elsewhere . Ants did 
consume an appreciable number of the largest grass 
seeds found at these sites (e.g. T. triandra, Table 1). 
Ants utilized a distinct morphological spectrum of seeds 
in an Arizona grassland, and handled smooth-sided 
seeds with difficulty, but transported awned Aristida 
seeds with ease (Pulliam & Brand 1975). Most 
commonly, the physical constraints of mandible size, 
pouch size and forefoot dexterity, limit the size of seed 
selected (Brown et al. 1975; Pulliam & Brand 1975; 
Reynolds 1958). A clearer interpretation requires that 
the pattern of seed selection be considered on a species-
specific basis, and that experiments include a greater size 
range of seeds. 
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